Two major betalains, red-purple betacyanins and yellow betaxanthins, were 11 
Introduction 12
Peroxynitrite (ONOO − ) is a powerful oxidant and a nitrating agent formed from 13 the reaction of nitric oxide (NO) and a superoxide radical (O 2 • − ) (~1 × 10 10 M -1 s -1 ) [1] . 14 ONOO − is the most toxic of the reactive nitrogen species (RNS) and can potentially 15 oxidize and nitrate many biological molecules, such as the proteins of tyrosine residues, 16 thiols, unsaturated fatty acid-containing phospholipids, and DNA [2-4].
The 17 modification of these biomolecules leads to the inhibition, inactivation and, sometimes, 18 activation of enzymes and channels, as well as disturbances in cellular energetic and 19 signaling processes [5] . Thus, ONOO − has been implicated as a key pathophysiological 20 intermediate in various diseases, including inflammatory processes, neurodegenerative 21 disorders, and atheroma [1, 6] . Thus, the scavenging of ONOO − is an important 22 blueberry anthocyanins were collected and the concentration of anthocyanin was 1 determined using the molar extinction coefficient ε 538 = 15 600 M -1 cm -1 for malvidin 2 glycoside, a major anthocyanin in blueberry [18] . 3 4
Peroxynitrite (ONOO − ) synthesis 5 ONOO
− was synthesized by the method described by Patel and DarleyUsmar 6 [19] . Ice-cold 2 M sodium nitrite (10 mL) and acidified 1.85 M hydrogen peroxide (in 7 4.0 M HCl, 10 mL) were mixed by pumping both liquids into a Y-shaped connector. 8
The resulting acidic ONOO − was immediately quenched with 4.2 M NaOH (10 mL). 9
Excess hydrogen peroxide was removed by adding 1.3 g manganese dioxide (MnO 2 ). 10 MnO 2 was removed by centrifugation (4 000 rpm for 5 min at 4°C). The solution was 11 frozen at -80°C; ONOO − tended to form a yellow top layer due to freeze fractionation, 12 which was scraped for further studies (typical concentrations were 200 -300 mM). The 13 concentration of ONOO − was determined using the molar extinction coefficient ε 302 = 1 14 The inhibitory effect of betanin on the ONOO − nitration of L-tyrosine was 14 measured using the method described by Pannala et al. [20] were approximately 90% suppressed in the presence of 10 mM glutathione, which is 6 known to be an ONOO − scavenger. 7 8
Analysis of betanin and ONOO
− reaction products 9
The reaction mixture was analyzed with reverse phase HPLC by monitoring the 10 photo diode array detector. When monitoring the reaction mixture without ONOO − at 11 500 nm, two peaks were detected at 32.3 and 37.5 min and were identified as betanin 12 and isobetanin, respectively, in accordance with the retention times of each authentic 13 compound ( Figure 3A ). In the presence of ONOO − , the peak of betanin completely 14 disappeared ( Figure 3A) . Conversely, in the absence of ONOO − treatment, the solution 15
showed no peak at 350 nm; however, there were three peaks (peaks a-c) detected in the 16 The observation of several absorption maxima of the peak c fraction supported the 22 assumption that the reaction was a mixture of several compounds. Figure 3B − incubation, which resulted in single strand breaks. In the 2 presence of betanin in the reaction mixture, however, the OC form of DNA decreased 3 and the remaining SC form increased in a dose-dependent manner ( Figure 5, lanes 3-7) . 4
In the presence of 1 mM betanin (lane 7), approximately 60% of the DNA retained the 5 SC form after ONOO − exposure; the same concentration of betanin (1 mM) alone did 6 not affect the SC form of DNA (data not shown). These results indicate that betanin can 7 protect tyrosine and plasmid DNA from ONOO − attack. Further study using simple chemical models of betalains will be an effective approach 8 to clarify this mechanism. 9
In conclusion, our study demonstrated the effective inhibitory activity of 10 betanin against tyrosine nitration and DNA damage induced by ONOO − , one of the 11 most toxic RNS, indicating that betanin is a strong scavenger against ONOO − 12 comparable to anthocyanin [13] . Because betaxantins was bleached by ONOO − as well 13 as betanin, it is expected that the ONOO − scavenging activity would be a common 14 ability of betalain pigments. It has been reported that dietary betalains are incorporated 15 into human blood cells, which may protect these cells from oxidative hemolysis [31] . 37.5
Chlorogenic acid [20] 31.4
Caffeic acid [20] 28.6
Ascorbic acid* 79.6 *present study, 
